We consider Flavour Changing Neutral Current processes in the framework of the supersymmetric extension of the Standard Model. FCNC constraints on the structure of sfermion mass matrices are reviewed. Furthermore, we analyze supersymmetric contributions to FCNC transitions which remain in the limit of flavourconserving sfermion mass matrices. Implications of the FCNC constraints on the structure of sfermion mass matrices for SUSY breaking and sfermion mass generation are discussed. We conclude that the supersymmetric flavour problem is intriguing but perhaps not as severe as it is commonly believed.
Introduction.
Gauge invariance, renormalizability and particle content of the Standard Model imply the absence (in the lepton sector) or strong suppression (in the quark sector) of the Flavour Changing Neutral Current (FCNC) transitions. Such transitions in the quark sector are absent at the tree level. At one-loop, they are suppressed by light quark masses (when compared to M W ) and by small mixing between the third and the first two generations. The predicted suppression of the FCNC processes is in beautiful agreement with the presently available experimental data. However, the Standard Model is very likely to be only an effective "low energy" theory which, up to some scale Λ, is a good approximation to the deeper (and yet unknown) theory of fundamental interactions. In such a case, renormalizable interactions of the Standard Model are in general supplemented by higher dimensional interaction terms suppressed by some powers of the scale Λ. These new interactions depend on the structure of the more fundamental theory. Their SU(3) × SU(2) × U (1) invariance is not sufficient any more to protect the observed strong suppression of the FCNC processes. Consistency with the data then require that either the scale Λ is huge or dangerous new interactions are absent because of symmetries of the deeper theory.
The Minimal Supersymmetric Standard Model (MSSM) contains the new scale Λ which is the scale of soft supersymmetry breaking. It is expected to be of the order of 1 TeV, so long as supersymmetry is the solution to the so-called hierarchy problem.
That low scale of new physics together with a fully unconstrained renormalizable minimal 2 supersymmetric extension of the SM would be disastrous for the FCNC transitions.
As we shall see in the next section, in the MSSM there are, broadly speaking, two kinds of new contributions to the FCNC transitions. First of all, they may originate 2 By minimal extension we mean the following three assumptions: (i) minimal particle content consistent with observed SM particles and SUSY, (ii) SU (3) × SU (2) × U (1) gauge invariance, (iii) most general soft (dim < 4) SUSY breaking terms consistent with SU (3) × SU (2) × U (1) invariance.
from flavour mixing in the sfermion mass matrices [1] . However, even in the absence of such genuinely new effects, i.e. assuming that the Kobayashi-Maskawa matrix is solely responsible for flavour mixing, new contributions arise from charged Higgs boson and chargino exchanges.
Given the strong suppression of the FCNC transitions observed in Nature, it is very interesting to study the resulting upper bounds on flavour changing elements in the sfermion mass matrices and on the splitting among their diagonal elements.
Although these are free parameters of the MSSM, ultimately their values have to be obtained from a theory of soft supersymmetry breaking and/or fermion mass generation. Therefore, such bounds may provide important hints towards such a theory.
As we shall see, indeed, the sfermion mass matrices are strongly constrained both in their flavour diagonal and off-diagonal elements. The weakest are the constraints on the third generation sfermion masses.
Since, at the same time, the third generation sfermions and chargino are expected to be among the lightest superpartners, also the following question is of obvious interest: Suppose that flavour mixing in the sfermion mass matrices is small and can be neglected. The potential impact of supersymmetry on the FCNC transitions appears then solely through the KM angles present in flavour changing vertices, i.e. it is due to the charged Higgs and chargino-squark contributions. Deviations from the SM would be then most probably first observed inK 0 K 0 (ǫ K parameter),B 0 B 0 and D 0 D 0 mixing, as well as the b → sγ transition. Furthermore, it is reasonable to assume that the first two generations of sfermions are heavy and degenerate in mass, and to study the effects which can be generated by light chargino, charged Higgs boson and the third generation of sfermions. As we shall see, such a study has also interesting model independent aspects.
We find it useful to organize this text according to the two questions asked above. In section 2, we briefly introduce the necessary part of the MSSM notation.
In section 3, limits on flavour violation in the sfermion mass matrices are discussed.
In section 4, we consider supersymmetric contributions to the FCNC effects from the chargino-stop (charged Higgs boson -top) loops, assuming no new sources of flavour mixing in the sfermion mass matrices. Finally, in section 5, we present a brief discussion of the implications of FCNC on problems like the pattern of soft supersymmetry breaking or sfermion mass generation.
2 Formalism and notation.
We start with a brief description of the MSSM and with establishing our notation conventions which are similar to the ones used in ref. [2] . The MSSM matter fields are in the following representations of the SU(3) × SU(2) × U(1) gauge group:
) (1, 1, 3 5 ) (3, 2, 1 10 ) (3, 1, Lower indices (when present) will label components of SU (2) 
In eq. (1), the index G labels the color, weak isospin and hypercharge factors in the Standard Model gauge group, and indices a and b range over adjoint representations of the nonabelian subgroups. All MSSM scalars are assembled into φ, while matter fermions and gauginos are respectively contained within the four-component left handed ψ and λ fields. The charge conjugation matrix is denoted by C.
Apart from the three gauge coupling constants, the supersymmetric part of the MSSM Lagrangian depends on the Yukawa coupling matrices Y l,d,u and on the parameter µ which multiplies the first term in eq. (2).
The remaining part of the MSSM Lagrangian consists of the soft supersymmetry breaking terms: gaugino masses, scalar masses and trilinear scalar interactions
−M
Assuming the above form of the soft supersymmetry breaking terms, we depart from full generality. In principle, L sof t could be supplemented by all the bilinear and trilinear scalar interaction terms present in eq. (1), but with coupling constants unrelated to those in eq. (2) . Here, we follow the standard approach and assume absence of such terms. Such an assumption is consistent with renormalization: So long as these terms are absent at the tree level, they are not generated via loops to all orders in perturbation theory.
In the physically acceptable regions of the parameter space, vacuum expectation values are developed only by the Higgs scalars
The value of v ≃ 246 GeV is determined from the W -boson mass in the same way as in the Standard Model.
Lepton and quark mass eigenstates are obtained from the original left-handed fermion fields with help of 3 × 3 unitary matrices V E,U,D L,R as follows:
Their diagonal 3 × 3 mass matrices read
L . Diagonalization of the scalar mass matrices usually proceeds in two steps. First, the squarks and sleptons are rotated "parallel" to their fermionic superpartners
The fields in the l.h.s of the above equations form the so-called "super-KM" basis in the space of MSSM scalars. These fields may be often more convenient to work with, even though they are not mass eigenstates. Their mass matrices have the following
where θ W is the Weinberg angle,1 stands for the 3 × 3 unit matrix, and the flavourchanging entries are contained in
It often happens that certain FCNC processes are sensitive to particular entries in the above nine matrices. For (M 2 U ) LL , we will denote these entries as follows:
and analogously for all the other matrices. ( , but no such relation holds for ∆ LR .) Experimental constraints will be given on the flavour-changing mass insertions normalized to a geometric average of the diagonal entries, e.g.
Two remarks are in order here. First, let us suppose that we have a theory of fermion and sfermion masses which are fixed in some electroweak basis. We see then,
(not just K) become partly "observables" through the sfermion mass matrices 4 .
Secondly, one should remember that the matrix M 2 Q is common to the up and down sectors, because of the SU(2) gauge invariance. Therefore
This means that it is impossible to set all the (δ IJ ) LL to zero simultaneously, unless
and M 2D can be diagonalized by two additional 6 × 6 unitary matrices Z U and Z D , respectively
Of course, if all δ IJ were zero (i.e. if there was no flavour mixing in the "super-KM" basis), then the matrices Z U and Z D would preserve flavour. Possible off-diagonal entries in these matrices would then correspond to left-right mixing, i.e. mixing between superpartners of left-and right-handed quarks having the same flavour. 
The unitary transformations Z + , Z − and Z N diagonalize mass matrices of these fields
and
The most relevant flavour changing vertices for our further discussion are the ones in which both quarks and squarks are present. There are three types of such vertices: ffχ − , ffχ 0 and ffg. They are presented in Figs. 1-3. Figure 1 : Chargino-quark-squark vertices.
As an example of how these vertices enter FCNC amplitudes, let us list supersymmetric contributions to theK 0 K 0 mixing. All the MSSM diagrams are shown in Fig. 4 . In addition to the Standard Model (W − q) box diagrams, we have the charged Higgs, chargino, neutralino and gluino exchanges. In these diagrams, all Figure 2 : Neutralino-quark-squark vertices. Figure 3 : Gluino-quark-squark vertices.
the particles are mass eigenstates, and the vertices depend on the rotations Z U and
It is often convenient to work in the super-KM basis, provided an approximation to the first nonvanishing order in ∆ IJ is sufficient. In such a basis, for instance, the diagram (B) in Fig. 4 is replaced by its expansion shown in Fig. 5 . In Fig. 5 , the (11)). (However, the right- handed elements are uncorrelated). These formulae relate, for example, chargino and gluino/neutralino contributions to neutral meson mixing. In addition, the same elements (∆ LL , ∆ RR and ∆ LR ) may enter various processes, e.g. as illustrated in Having presented the necessary formalism, we proceed to discussing bounds on the sfermion mass matrices obtained from the experimentally observed strong suppression of the FCNC effects. 
Bounds on sfermion masses from FCNC processes
Strong experimental suppression of the FCNC transitions puts severe upper bounds on various entries in the sfermion mass matrices of eq. (7) at low energy. Such bounds are of crucial interest for the theory (as yet unknown) of soft supersymmetry breaking. As we have already mentioned, a systematic discussion of such bounds should include all potential contributions and correlations among them. However, in the first approximation, one can neglect all but the gluino (photino) exchange contributions to the FCNC transitions in the quark (lepton) sector. Order-of-magnitude bounds on the off-diagonal entries in the squark mass matrices are then obtained under the assumption that these contributions saturate the experimental results [3, 4] . Bounds on splittings between diagonal elements of (M In the next step, it is also interesting to discuss how these bounds can be modified in a complete analysis, with all contributions and interference between them included. We shall see that cancellations can indeed occur and weaken the limits.
However, large cancellations affecting their order of magnitude would require certain fine-tuning of the MSSM parameters. Thus, we may conclude that the bounds obtained from the gluino (photino) contributions indeed reflect the acceptable structure of the mass matrices, at least up to an order of magnitude.
The most up-to-date set of bounds on the flavour off-diagonal entries in the sfermion mass matrices is given in ref. [4] (for earlier results see [3, 4] and references therein). We shall not repeat details of those analyses here. Very briefly, the bounds on δ 
Even changing rqg in its whole domain [0, 1] (for both mq > mg and mq < mg) results in changing bounds on e.g. (δ 12 D ) LL /m max by less than an order of magnitude.
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For rqg = 1 the bounds on flavour changing entries in the squark mass matrices can be summarized as follows: 
The off-diagonal entries which can be obtained from hermiticity have been left empty.
Question marks denote unconstrained entries which would require experimental information on rare top quark decays. Stars denote the entries which are unconstrained by gluino exchanges but receive bounds from chargino-squark loops (see "note added"). Bounds on the (23) and (32) entries of δ D matrices were obtained from b → sγ decay. Estimates for (13) and (23) entries in (δ U ) LL are found from the relation (11) . We discuss consequences of this relation in more detail below.
Limits on leptonic δ L obtained from l I → l J γ decays are as follows: 
In this case, m max stands for max(ml, mγ). The presented numerical bounds correspond to equal slepton and photino masses, i.e. to rlγ = 1. The ratio rlγ is defined analogously to eq. (18) . The bounds do not depend strongly on this ratio, similarly to the squark-gluino case.
It is important to note that the limits on the δ LR matrices originating from gluino and photino loops are symmetric not because the matrices themselves are symmetric, but because the considered amplitudes depend on their off-diagonal entries in a symmetric manner. Furthermore, we have to mention that we have identified absolute values of all the entries with their real parts. This is reasonable, because CP-violating phenomena put bounds on the imaginary parts which are usually much stronger than bounds on real parts. In ref. [4] , one can find explicit bounds on the imaginary parts of δ U , δ D and δ L .
The method applied for finding bounds on |δ U | and |δ D | gives us "independent" limits on certain products of these entries. too. For instance
These bounds look more restrictive than the previously given bounds on δ IJ LL and δ IJ RR separately. Actually, the allowed region in the Re(δ IJ LL )-Re(δ IJ RR ) plane (for given (IJ)) is bounded by two hyperbolae centered at the origin. The symmetry axes of these hyperbolae are close to being horizontal or vertical. This is why the product of the two δ's is more restricted than each δ alone. No strict bound on δ's exists when fine-tuning between them is allowed. Barring fine-tuning, one can only conclude that the expected sizes of δ's are somewhere between those in eq. (26) [4] ) are derived from gluino and photino exchange contributions to various FCNC processes. It is also interesting to consider bounds originating from diagrams with chargino exchanges. As an example, chargino-(up squark) contribution to b → sγ decay is discussed in more detail in Appendix A. As seen in Appendix A, chargino diagrams restrict certain linear combinations of diagonal mass splittings and off-diagonal elements of (M 2 U ) LL (at the leading order in these quantities). Those linear combinations turn out to be equal to the off-diagonal elements of (M 2 D ) LL only. The relation (11) is essential for making this observation.
We argue in Appendix A that the same conclusion holds for other processes:
Chargino, neutralino and gluino contributions to processes involving down quarks in the initial and final states (e.g. (11), we can express splitting between these diagonal entries in terms of the off-diagonal ones. The exact formulae are the following:
6 All such operators can be reduced by equations of motion to the so-called "magnetic moment" operators, like the two we give later in eqs. (45) and (46). 7 Suppression by electroweak coupling is off-set by relatively smaller chargino mass, at least when GUT relations between gaugino masses are assumed.
where no summation over the indices I and J is understood. 8 Our previous discussion implies that eqs. (27) and (28) are the only available source of information
effects.
The presence of 1/K IJ in the constraints on mass splitting in eqs. (27) and (28) makes these bounds completely inefficient for the third generation of squarks. Even the bound on the splitting between the first two generations is rather weak when bounds on δ's from gluino exchanges are used. Approximately, it reads
This bound could become a factor of two lower if the experimental constraints on D 0 D 0 mixing improved by the same factor. Furthermore, nonvanishing δ RR would improve it (indirectly) as well, because of correlations between δ LL and δ RR (see eq.
(26) and below). However, one should keep in mind that all the bounds we discuss here are only order-of-magnitude ones.
We have already mentioned that chargino loops give us direct constraints only on the off-diagonal elements of (M ) LL . Consequently, bounds from chargino diagrams on diagonal mass splittings in these matrices can be derived from eqs. (27) and (28) only. They are similar to those given in eq. (29) . On the other hand, direct bounds from chargino diagrams on diagonal mass splittings in the left-right and right-right blocks of squark mass matrices are inefficient due to small Yukawa couplings of the first two generations. This is because winos couple to left-handed quarks only while higgsino couplings to the first two generations are very small.
Another way of restricting the off-diagonal elements and diagonal mass splittings 8 A relation between ∆ U and ∆ D which is independent of the diagonal entries can be obtained e.g. from the first equation by adding its (IJ) = (12), (23) and (31) components. This is where the estimates for (δ in the squark mass matrices is to require that supersymmetric contributions to FCNC processes do not exceed the Standard Model ones. This allows to see more easily the relation between squark mass splittings and the GIM mechanism in the SM. As an example, let us consider this part of the gluino contribution to ∆m K which is proportional to (δ 12 D ) LL . Requiring that it is not larger than the (QCDuncorrected) short-distance SM contribution, we find for rqg = 1
which agrees (within a factor of 2) with the bound quoted in eq. (19) . As usual,
we have neglected the imaginary part of (δ 12 D ) LL . Inserting the above bound into eq. (29), one finds
for both up and down squarks. Thus, if masses of squarks and gluinos were close to M W and (δ 12 U ) LL was negligibly small, then differences between masses of left squarks of the first two generations would need to be close to the charm quark mass (or smaller). This would mean degeneracy by at most a few percent. On the other hand, if masses of squarks and gluinos were close to 1 TeV (but (δ 12 U ) LL was still negligible), the first two left squark generations could differ in mass by even 50%. These restrictions get weaker by about a factor of 2 to 3 when we take into account nonvanishing (δ 12 U ) LL within the bounds allowed byD 0 D 0 mixing data (eq. (21)).
Bounds on off-diagonal elements and diagonal mass splittings in the squark mass matrices are sensitive to interference between chargino and gluino contributions. 
are plotted there as a function of M 2 /µ. We see that when cancellations between the chargino and gluino contributions occur, the bounds on (δ (19, 21) . However, we should stress that there is no similar mechanism for weakening the bounds on
Therefore, it is clear from eq. (26) that the overall weakening of the bounds given in (19, 21) can only be moderate. We may conclude again that (19, 21) reflect the expected order of magnitude of bounds on δ's, even in the presence of some fine-tuning.
In the end of this section, let us make a comment about FCNC processes other than b → sγ and neutral meson mixing. As far as processes involving down quarks in the initial and final states are considered, one can expect that bounds roughly similar to those in eqs. (19)- (23) Nevertheless, other processes can be helpful in some limited domains of the MSSM parameter space. For instance, large SUSY contributions to b → s gluon can be sometimes obtained without violating b → sγ bounds [6] . Certain asymmetries in b → se + e − are essential to determine the sign of b → sγ amplitude [7, 8] , which matters in studying the allowed MSSM parameter space. Last but not least, various CP-violating observables like ǫ ′ /ǫ, electric dipole moments or K L → π 0 νν decay rate are essential in verifying whether other than KM phase sources of CP violation occur in the MSSM [9] .
As far as FCNC processes involving up quarks are considered, improving experimental bounds onD 0 D 0 mixing seems more promising than studying processes like c → uγ. Mixing with the third generation can be restricted only when rare top quark decays become experimentally accessible. Before this happens, some of the superpartners may be already discovered.
FCNC with light superpartners.
The bounds discussed in section 3 must be satisfied in any realistic supersymmetric extension of the SM. It should be stressed that there are two general ways of achieving this. The most straightforward solution occurs (see e.g. ref. [10] ) when sfermions of the first two generations are sufficiently heavy, so that new contributions to the FCNC processes in (1, 2) sector decouple by the Appelquist-Carrazone theorem [11] . Indeed, the strongest bounds are for (1,2) is easier. As we discuss in the last section, this possibility is not at all unnatural, and does not ruin the virtues of supersymmetry as a solution to the hierarchy problem.
Another possibility is that for some deeper theoretical reasons 9 all the δ IJ (I, J = 1..3) are indeed very small at low energies. In addition, if high degeneracy of the first two sfermion generations occurs, their masses are bounded from below only by the present direct search limits. These limits are close to 200 GeV at present [12] .
It is interesting to observe that both solutions allow for light third generation of sfermions. Moreover, in the limit when both solutions are "perfect" and assure negligible contributions from the squark flavour mixing, the only potentially significant contribution to FCNC transitions may come from the (charged Higgs)-top and chargino-stop loops with Yukawa couplings and KM angles in the vertices.
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Since, in addition, several arguments (see section 5) suggest that charginos and 3rd generation of sfermions may be among the lightest superpartners, it is interesting to discuss in more detail their impact on FCNC transitions.
The present section is devoted to discussing such a scenario. In the first step, the only extra MSSM contributions to the FCNC processes we consider are the (charged , respectively), 9 Some speculative ideas are collected in section 5. 10 Chargino-sbottom loops could be important inD 0 D 0 mixing as well. We will not discuss this possibility here, although it could be well motivated in large tan β scenarios.
as well as their mixing angle θ LR . The sign convention for this angle is fixed by requiring that (Z U ) 63 ≃ sin θ LR .
(iii) Chargino mass and mixing parameters. We choose the lightest chargino mass
and the ratio M 2 /µ as input parameters.
(iv) The charged Higgs boson mass m H ± .
In most of the numerical examples, we will decouple the heavier stop and assume that the lighter one is dominantly right, i.e. that θ LR is relatively small (of order 10 o ). This is motivated by studies of supersymmetric effects in electroweak precision observables [13, 14] .
In the considered MSSM scenario, various FCNC processes exhibit different sensitivity to supersymmetry. While sizable effects can still occur in the neutral meson
, supersymmetric contributions to other FCNC processes are usually either small or screened by long-distance QCD effects. An exception is the inclusive weak radiative B meson decay B → X s γ, to which light superpartners can contribute significantly, and where strong interaction effects are under control.
In the following, we shall first focus on neutral meson mixing and then discuss the B → X s γ decay.
In the considered approach to the MSSM, the results for ∆m B d and ǫ K read
where
and f (x, y) = log y x + 3y 4(y − 1) 1 − y y − 1 log y .
The charged Higgs and the chargino boxes enter, together with the SM terms, only into the quantity ∆ in the above equations. The QCD correction factors η cc , η ct , η tt and η QCD are known up to the next-to-leading accuracy [15] .
The KM elements appearing in eqs. (33) (34) (35) can be conveniently expressed in terms of the Wolfenstein parameters λ, A, ρ and η [16] K (33-35) is not directly measured. Its SM value fitted to the observables in eqs. (33) (34) can change after inclusion of new contributions. Thus, the correct approach is to fit the parameters A, ρ, η and ∆ in a model independent way to the experimental values of ǫ K and ∆m B d [17] .
The quantities |K cb | and |K ub /K cb | are known from tree level processes. They are practically unaffected by new physics which contributes only at one and more loops.
Here, we give the results of such a fit, with B K and f
B B d varied in a the following ranges: [5] .
In our fit, we use the following experimental results [5, 12] :
∆m B d = (3.01 ± 0.13) 10 −13 GeV (42) In Fig. 11 , we show values 11 of the parameter ∆ obtained from the χ 2 fit of the The range bounded by ǫ K is approximately parallel to the ρ axis. It moves down (towards smaller η) with increasing ∆. Taking both effects into account, we can see that small ∆ prefers negative ρ and large η, ∆ ∼ ∆ SM gives the biggest allowed range for ρ and η with both ρ < 0 and ρ > 0 possible, whereas larger ∆ ≥ 1 requires positive ρ and smaller η.
In the next step, we correlate the value of ∆ with masses and mixings in the MSSM. In Fig. 13 , we plot contour lines of constant ∆ for light SUSY spectrum, i.e.
in the range where SUSY effects are most visible. As seen from ). In the SM, they increase the decay rate by more than a factor of 2. Resumming these large QCD logarithms up to next-to-leading order (NLO) is necessary to acquire sufficient accuracy [18] . Such a resummation has been recently accomplished in the SM [19, 20, 21, 22] .
The analysis of B → X s γ decay begins with introducing an effective Hamiltonian
where P i are the relevant operators and C i (µ) are their Wilson coefficients. Here, we need to give only two of these operators explicitly
where F µν and G small (say, below 30%), then it does not really matter that the SUSY NLO corrections to C 7 (M W ) are unknown. The uncertainty is then dominated by SM sources anyway. However, if some of the SUSY contributions are big but cancel each other, so that the experimental B → X s γ constraints [27] are fulfilled, then the lack of SUSY NLO corrections to C 7 (M W ) does matter. Such cancellations really do occur in sizable and interesting domains of the MSSM parameter space [28, 14] . This is why a calculation of the SUSY NLO corrections to C 7 (M W ) would be welcome.
In the results presented below, the complete Standard Model NLO formulae and values of parameters are used precisely as they stand in ref. [19] . As far as SUSY contributions to C 7 (M W ) and C 8 (M W ) are concerned, we have used only the available leading order results. The charged higgson and chargino contributions to as well as their 95% CL upper and lower bounds [27] . We can see that the theoretical prediction crosses the 95% CL upper line close to M H ± = 500 GeV. This sets the lower bound on this mass in the considered MSSM scenario, and an absolute lower bound in the Two-Higgs-Doublet Model II.
Dashed lines in Fig. 16 correspond to another example. Here, chargino contributions are not negligible. We have taken M χ
M 2 /µ = −5 and θ LR = 25
• . All the squarks and sleptons exceptT 1 are assumed to be heavier than 1 TeV, which makes their contributions negligible. One can see that no lower bound on the charged higgson mass can be derived from B → X s γ in this case. Actually, H ± has to be relatively light here in order to cancel the chargino contribution and bring the prediction back to the experimentally allowed range.
In the MSSM as well as in many other extensions of the Standard Model (in which the NLO corrections to C i (M W ) are unknown), extra contributions to B → X s γ can be parameterized in terms of two parameters Figure 17 presents the dependence of Br[B → X s γ] on the parameter R 7 in the case when R 8 is set to unity. The meaning of various curves is the same as in Fig. 16 : the middle one is the central value while the remaining two show the uncertainty. The horizontal lines are the experimental constraints. One can see that two ranges of R 7 are experimentally allowed. They correspond to two possible signs of the decay amplitude: the same or opposite than in the SM.
The allowed ranges for R 7 are rather insensitive to R 8 , because C 8 (M W ) has little influence on the decay rate. For instance, shifting R 8 from 1 to 3 would affect the curves in Fig. 17 by less than the shown uncertainties. Thus, the presented plot allows to qualitatively test various extensions of the SM without the necessity of calculating the branching ratio itself -it is enough to calculate C
7 (M W ) only. The situation becomes more complex when contributions to R 8 are very large, as it may happen in some corners of the MSSM parameter space [6] .
The existing measurement of Br(B → X s γ) imposes already significant constraints on the MSSM parameter space. In order to understand these limits, it is important Fig. 19 , we plot the limits on lighter chargino and lighter stop mass for chosen M A and M 2 /µ values. In both plots we scan over θ LR in the range −60
• < θ LR < 60
• . Here, we would like to discuss and summarize various theoretical aspects and ideas behind these two general approaches to the FCNC problem in the MSSM.
Beginning with the possibility of heavy sfermions of the first two generations, one should stress (see e.g. [10] ) that it is consistent with supersymmetry remaining the solution to the hierarchy problem. Indeed, the minimization of the Higgs potential in the MSSM gives
where M H 1 and M H 2 are the soft Higgs masses defined in eq. (3) and µ is defined in eq. (2) . The hierarchy problem is avoided so long as we do not introduce large cancellations in eq. (51), after expressing M H 1 and M H 2 in terms of the soft masses at M GU T . Using the appropriate RG equations one obtains
For m t = 175 GeV and tan β = 1.65 (2.2) , the values of the coefficients are the following [29] : a H 1 = 1.2(0.5), a H 2 = 1.7(1.5), a QU = 1.5(1.1), a AA = 0.1(0.2), Before going into further details we would like to address one interesting renormalization effect: Very small δ IJ at M Z do not necessarily imply that δ IJ are small at M GU T . Indeed, as it has been shown in ref. [30] , there are QCD renormalization effects which increase only diagonal entries in the sfermion mass matrices. Consequently, they suppress δ IJ . These effects can become dramatic when scalar masses A simpler way to account for small δ IJ at M Z is to assure that the soft supersymmetry breaking scalar masses are generated as flavour diagonal and degenerate, and that the trilinear A-terms are proportional to the Yukawa couplings with a universal mass coefficient [31] . Thus, the absence of strong FCNC effects in SUSY would be explained by a particularly simple pattern of soft supersymmetry breaking ("universal soft terms"), with no correlation to the fermion mass generation. This scenario can be obtained under the assumption of dilaton dominance in the supergravity models for soft supersymmetry breaking [32] . However, deeper understanding of neither such a dominance nor the stabilization of the dilaton potential is available yet. Another possibility is gauge mediated supersymmetry breaking at low energies [33] , which naturally leads to almost universal soft terms.
Quark-squark mass alignment is a different idea which relies on strong correlation between fermion and sfermion mass generation. Many different models of that type have been proposed. The most popular ones explore horizontal symmetries or an anomalous U(1) symmetry [34] .
Both options, if realized in an exact way, leave no room for flavour violation in the sfermion mass matrices, up to small O(K IJ ) renormalization effects. However, in most "realistic" models of both types, there are interesting departures from the exact realization. For instance, in the supergravity models with Grand Unified groups, it is natural to assume universal soft terms at the Planck scale rather than at the GUT scale. The RG running down to the GUT scale generates flavour mixing in both the squark and slepton mass matrices at M GU T . This gives interesting effects for l I → l J γ [35] , within the reach of the forthcoming experiments. Moreover, the evolution down to low energies gives generically light stop, i.e. the scenario we have discussed in section 4.
Similar "inverse hierarchy" of sfermion masses (with respect to fermion ones)
is also obtained in models with a U(1) symmetry [36] . The quark-squark mass alignment is generically not perfect, and the FCNC effects are expected to be not much below the present experimental bounds.
Summary
There exist important bounds on new sources of FCNC in the MSSM. When the SUSY breaking scale is around 1 TeV, some of the flavour off-diagonal entries in the squark mass matrices have to be an order of magnitude lower than the diagonal ones.
Most severe constraints exist in the left-right squark mixing sector. However, they 
where m 0 is the average up-squark mass, and the factor F is of order unity or larger.
The explicit expression for F is We thank Luca Silvestrini and Andrea Romanino for bringing bounds on (δ Inserting the above sums into the eq. (A.5), we obtain an approximate expression for the chargino contribution to b → sγ decay amplitude expressed in terms of the initial squark mass matrices.
As seen in eqs. (A.8)-(A.11), there are many terms in this contribution which survive in the limit of flavour-conserving squark mass matrices. The FCNC effects we have discussed in section 4 originate from these terms.
An important observation is that, as follows from eq. (11) The observation that chargino contributions to the b → sγ depend on the down, not up, left squark mass matrix may be generalized to other processes. One always finds that chargino, neutralino and gluino contributions to the processes involving down quarks in the initial and final states are sensitive to the structure of the left down squark matrices only. It follows from the structure of the up-squark mass matrix (eq. (7)) and uDχ vertex shown in Fig. 1 . One can verify this by writing the matrix Z U in the form
14)
The new "rotated" diagonalization matrix X U is defined by the following condition: .15) where M The uDχ vertex written in terms of X U takes the form .17) In this expression, the KM matrix occurs only multiplied by the up-quark Yukawa couplings which originate from the higgsino-(right squark) interactions.
Similarly, one can prove that processes involving up quarks in the initial and final states (likeD 0 D 0 mixing) are sensitive only to the structure of the left up squark mass matrix.
